INTRODUCTION
Sedimentary borate deposits are distributed around the world. Most are found in the recent salt lakes of North and South America, the Qinghai-Xizang (Tibet) Plateau of China, some Tertiary sedimentary basins in the United States and Turkey, and some old salt deposits in Europe (Kistler and Helvaci, 1994) . The southwestern QinghaiXizang (Tibet) Plateau contains more than 57 borate-bearing lakes, and it is likely that all of the borate utilized by humans until 1818 was sourced from these deposits.
The borate deposits of the Qinghai-Xizang (Tibet) Plateau, which are mainly associated with lowstand lakes formed under late Pleistocene-Holocene dry-cold conditions (Zheng, 1997) , can be attributed to the collision of the Indian and Eurasian plates, which has resulted in the buckling and uplift of the Himalayan, Tanggula, and other the hydrogeochemistry, pH, and B content of the waterbodies. Zheng (1997) showed that B 2 O 3 and K in the brine of Nie`er Co Lake (hereafter Nie`er Co), northwestern Tibet, reached industrial grade, and the area was included in the northern Gangdise B, K, Li, Cs, Br, and Rb brine metallogenic belt. Zheng et al. (2002) showed that K, Mg, Cs, B, Li, and Rb in Nie`er Co waters are very high; thus, making these a promising brine resource. From 2000, Liu and Zheng (2010) carried out a detailed investigation of Nie`er Co and identified: (1) fragment shaped, Ca-bearing carbonate borate in the middle of the salt pan of the lake; (2) white-light yellow saccharoidal kurnakovite deposits under khaki Mg-and B-bearing carbonate clay; and (3) that that the Nie`er Co deposits represents a large Mg-B deposit. In addition, Liu et al. (2007) studied environmental and climate changes in the lake from 20,000 to 2000 ka using micropaleontology.
The hydrogeochemical processes controlling the formation of sedimentary borate deposits have been wellunderstood since pioneering work at: Searles Lake, California (Felmy and Weare, 1986; Güler and Thyne, 2004; Horita, 1990) ; Salar of Uyuni, Bolivia (Li et al., 2015; Rettig et al., 1980; Risacher and Fritz, 1991) ; Emet, Turkey (García-Veigas et al., 2011) ; and Salar De Atacama, Chile (Alpers and Whittemore, 1990; Carmona et al., 2000; Magaritz et al., 1989; Rech et al., 2003; Rissmann et al., 2015) . However, despite the previous investigations in the region, until now the hydrogeochemical characteristics of the Nie`er Co waters had not been studied in detail. The objectives of this study were to: (1) identify the geochemical evolution of Nie`er Co recharge waters through the flow path from surrounding rocks towards the lake; (2) identify the geochemical processes controlling Nie`er Co lake water chemistry; and (3) investigate the impact of recharge water on the Nie`er Co borate deposit.
STUDY AREA
Nie`er Co, located in the western Tibetan Plateau (32∞17¢ N, 82∞14¢ E; Fig. 1 ), formed through Tertiary tectonic movement of the Himalayas. The modern lake has a surface area of 24 km 2 and is at an elevation of 4398.80 m above sea level (asl). The lake sits within a small basin surrounded by mountains that reach 5000 m asl. The climate is classified as continental subfrigid arid, with low mean annual rainfall (150 mm) and high mean potential evaporation (20300 mm yr -1 ). Rainfall is concentrated between July and September, and the frost-free period is 110 days.
The lake is located at the southern rim of the BangongNujiang suture zone, within a Cenozoic tectonic faulted basin. Fractures are controlled by regional tectonics and are approximately oriented NNW-NW; although, the Geer-Guchang-Wuru Co fault pass through Nie`er Co from west to east. Cretaceous limestone, granite, and granodiorite outcrop at the northern and southwestern ends of Nie`er Co, while Tertiary red sandy conglomerate and mudstone have been deposit at the southern end. Modern alluvial, fluvial, and lacustrine debris, along with salt chemical deposition cover the inner basin.
Waters from two streams (Xiangqu on the west and Guozangbu on the east) drain into the lake bringing meteoric and snowmelt water from the eastern and western mountains and hot springs; however, almost no stream waters drain from northern and southern areas (Fig. 1) . The Xiangqu stream is long and steep, while the Guozangbu stream is relatively short and flows through a vast flat area. Groundwater around Nie`er Co is characterized as phreatic pore water confined in loose Quaternary sediments. A series of hot springs are distributed along the center of the Xiangqu stream. Hot springs are distributed to the northwest (335∞) of the lake, contained in an area 250 m long and 40-50 m wide. Other hydrothermal features include hot spring travertine sinter and saline sinter (at the outlets of hot springs), fumaroles, steaming ground, and hydrothermal alteration. Saline sinter has been identified as trona, borax, thermonatrite, or gaylussite. The hot springs have relatively high concentrations of B, Li, and Rb, which are favorable for borate deposition (Zheng, 1997) .
The Nie`er Co Mg-borate deposit formed in the upper-middle Holocene. Mineral salts include mirabilite, thenardite, kurnakovite, inderite, and ulexite; however, kurnakovite and mirabilite dominate. The ore-bearing strata can be partitioned into three layers, with the upper and middle ore-bearing layers the main mining ledge, underlain by a minor ore-bearing layer (Liu and Zheng, 2010) .
SAMPLING AND ANALYSIS

Field sampling techniques
A total of 24 water samples were collected from the study area in July 2013 and January 2015. All sampling locations are depicted in Fig. 1 and briefly summarized in the following:
(1) Snow: a single sample collected from the western slope of the lake in January 2015. According to local herdsmen, the snowfall is just under the previous day, and thus, the snow is not subject to human pollution.
(2) Stream waters: three stream water samples obtained from the upstream, middle and downstream of Xiangqu stream respectively and one from the downstream of Guozangbu stream in January 2015. (5) Hot springs: three hot spring samples that discharged to the upstream of Xiangqu stream. One sample was obtained in January 2015 and the other two samples were taken from Zheng (1997) , which has a mean temperature and flow rate of 41∞C and 8.6 L/s, respectively.
(6) Lake waters: eight lake water samples were collected from around the northern and southwestern of lake, of which three were obtained in July 2013 and five were obtained in January 2015.
Measurements of oxidation-reduction potential (Eh), pH and temperature were performed in the field using a Hach digital and portable multi-parameter meter. All samples were filtered through a 0.45 mm glass fiber membrane. Samples for cation analysis were acidified with HNO 3 to pH < 2 and stored in 50 mL or 100 mL polyethylene bottles, which were sealed and sent to the Analytical Laboratory of Research & Development Center of Saline Lake and Epithermal Deposits, Chinese Academy of Geological Sciences, for ion analysis, and to the Beijing Research Institute of Uranium Geology for dD and d
18 O isotope analysis.
Analytical techniques
Standard analytical methods of the Analysis Group, Qinghai Saline Lake Institute and Chinese Academy of Sciences (1988) were employed. The concentrations of K + , Na + , Li + , Mg 2+ , and Ca 2+ were determined by atomic absorption spectrophotometry using a WFX-120 atomic absorption spectrophotometer (Beijing Rayleigh Analytical Instrument Corp., Beijing, China), which has a precision of 0.5%. The SO 4 2-was analyzed using the gravi- metric method with BaCl 2 , with a precision of 0.01%. The Cl -was analyzed using the AgNO 3 volumetric titration method, with a precision of 0.1%. The CO 3 2-and HCO 3 -concentrations were determined by titration with 0.1 mol/ L HCl, using methyl orange and phenolphthalein as the double indicator, with a precision of 0.3%. The borate concentration was evaluated by titration with 0.05 mol/L NaOH in the presence of mannitol and using phenolphthalein as the indicator, with a precision of 0.3% (Analysis Group, Qinghai Saline Lake Institute, Chinese Academy of Sciences, 1988; Gao et al., 2012) . Charge balance was excellent, with all brines showing less than 5% difference between cations and anions. Values of TDS were calculated by summing all ions and subtracting half of the HCO 3 - (Ye et al., 2015) . O and H isotope compositions were determined using standard methods (Coleman et al., 1982; Epstein and Mayeda, 1953 ) on a Finnigan MAT 252 stable isotope ratio mass spectrometer (Thermo Scientific). The O was liberated for isotopic analysis using BrF 5 , where the resultant O reacted with graphite rods to produce CO 2 , the isotopic composition of which was determined with an analytical uncertainty of ±0.2‰. The H isotope analyses were performed on aliquots of the samples for O isotopes by the following procedure: (1) aliquots were enclosed in a Mo tube and dried for 12 h at 150∞C under vacuum (10 -3 mbar) to eliminate adsorbed moisture from the air, and then heated in an induction oven to approximately 800∞C in quartz for 45 min or until gas release had ceased. The resultant H 2 O was reduced to H 2 by hot Cr at 800∞C. The results were reported relative to V-SMOW with analytical uncertainties of ±2‰.
The saturation indices (SI) of dissolved minerals in water samples were calculated using the PHREEQC (v.3) software using the integrated Pitzer aqueous model (Pitzer database), which can be used for high-salinity waters beyond the range of application for the Debye-Hückel model (Parkhurst and Appelo, 2013 
RESULTS AND DISCUSSION
Water hydrochemistry
The physiochemical results of the investigated water samples are presented in Fig. 2 , Tables 1 and 2. In general, the concentrations of most ions and of the TDS were in the order: lake water ≥ stream water > seep water > ice. Only hot springs had low Mg 2+ concentrations, reflecting the deep source of hot spring waters, as highlighted by their temperatures (36.3-41∞C). Hot springs of this type are widespread across the Tibet Plateau (Feng et al., 2014) .
On a Chadha (1999) geochemical classification diagram, the water samples were shown to represented three hydrogeochemical water facies (Fig. 3) : Type 1 (T1: Na-HCO 3 water; e.g., hot springs), Type 2 (T2: Ca-Mg-HCO 3 water; e.g., seep water, stream water, and ice), and Type 3 (T3: Na-SO 4 -Cl water; e.g., lake water). T1: Na-HCO 3 . T1 waters included the hot springs, which were characterized by higher concentrations of weak acidic anions (mainly HCO 3 ) than strong acidic anions (Cl+SO 4 ), and higher concentrations of alkali elements (Na+K) than alkali earth elements (Ca+Mg). Cation concentrations decreased in the order of Na + > Ca 2+ > K + > Mg 2+ , with mean concentrations of 431.27, 71.89, 30.12, and 5.90 mg/L, respectively. Anion concentrations decreased in the order of HCO 3 -> Cl -> SO 4 2-, with mean concentrations of 1191.53, 134.66, and 31.13 mg/L, respectively. The dominance of HCO 3 -and Na + is consistent with the chemistry of the Jifei hot springs (Liu et al., 2015) and Tengchong hot springs (Guo and Wang, 2012) in Yunnan. The TDS of T1 waters were 1193.24-1489.16 mg/L and pH was weakly acidic (6.75-6.85; Table 2 ). All T1 waters were saturated with respect to calcite and undersaturated with respect to gypsum and halite (Fig.  4) . T2: Ca-Mg-HCO 3 . T2 waters included seep water, stream water, and ice. These waters were usually fresh with TDS ranging from 91.75 mg/L to 1724.85 mg/L. They were found to be slightly alkaline (pH 7.35-9.91), and characterized by higher concentrations of weak acidic anions (mainly HCO 3 ) than strong acidic anions (Cl+SO 4 ), and higher concentrations of alkali earth elements (Ca+Mg) than alkali elements (Na+K).
Ion concentrations in Xiangqu stream water and seep water were higher than those in Guozangbu stream water (Table 2) , likely reflecting two phenomenon: (1) the recharge source of the Guozangbu stream is rainfall and glacial melting, and together with a relatively steep and short runoff path. This results in reduced contact time between stream water and surface debris; and (2) (Fig. 2) , most likely because stream water receives rainwater runoff affected by bedrock contact and associated leaching from deeper sources.
Stream water and seep water were saturated with respect to calcite; however, ice was undersaturated with respect to calcite. All T2 waters were undersaturated with respect to gypsum and halite (Fig. 4) . T3: Na-SO 4 -Cl. T3 included lake water, and was characterized by higher concentrations of strong acidic anions (Cl+SO 4 ) than weak acidic anions (mainly HCO 3 ), and higher concentrations of alkali earth elements (Ca+Mg) than alkali elements (Na+K). The TDS ranged from 95975 mg/L to 236980 mg/L, and was higher than in the other water types. All lake water samples were supersaturated with respect to calcite and undersaturated with respect to halite; however, only two lake water samples were saturated with respect to gypsum (Fig. 4) .
Geochemical evolution of waters
As shown in the Chadha diagram (Fig. 3) , when travelling from input source waters to the lake, samples evolved from Na-HCO 3 rich (T1) to Ca-Mg-SO 4 /Cl rich (T3), passing through a transitional Ca-Mg-HCO 3 rich stage (T2).
Weathering of different parent rocks (e.g., carbonate, silicate) yields different combinations of dissolved cations and anions in solution (Stallard and Edmond, 1983) . Furthermore, ratio graphs of ions can help to determine the sources feeding the recharge of waters. T1 and T2 plotted below the isoline of HCO 3 -vs. (Cl -+SO 4 2-), indicating that the ion equivalent of Cl -+SO 4 2-is lower than HCO 3 -for all recharge waters (Fig. 5) . As Cl -+SO 4 2-is mainly derived from sulfate and chloride evaporite rocks, and HCO 3 -is derived from carbonate rocks, the evolution of the waters investigated was driven by weathering of the carbonate rock series around Nie`er Co. This is also consistent with the mineral equilibrium and saturation index calculations, which can be used to predict reactive mineralogy (Parkhurst and Appelo, 2013) . For T1 and T2, undersaturation with respect to gypsum and halite and the supersaturation of calcite (with the exception of ice and one seep water sample) showed that carbonate minerals likely contributed to the solute budget, while the dissolution of evaporates did not. Gibbs (1970) suggested that a simple plot of TDS vs. the weight ratio of Na/(Na+Ca) could provide information on the relative importance of three major natural mechanisms for controlling surface water chemistry: (a) atmospheric precipitation, (b) rock weathering, and (c) evaporation and fractional crystallization. In the present study, the Gibbs plot indicated that ice, stream water, and seep water chemistry are primarily controlled by rock weathering (Fig. 6) , with hot spring water lying outside of the diagrammatic range, but also near the rock weathering area. Again, this supports the weathering of carbonates suggested by the chemistry of the T1 and T2 (Chadha, 1999) .
Fig. 3. Classification of hydrogeochemical water types from the waters of the Nie`er Co Lake area
waters.
Lake water samples had high Na/(Na+Ca) ratios and TDS concentrations, suggesting lake water is primarily influenced by evaporation-crystallization processes (Fig.  6) . The chemical composition of surface water around Nie`er Co evolved from the rock-weathering-type waters of the headwaters (T1) to more concentrated sodic waters as a result of evaporation and concentration of salts accompanied by the crystallization of CaCO 3 . The cold and dry climatic conditions that have prevailed throughout the area undoubtedly strengthened the evaporation trend, resulting in higher levels of Na + , Cl -, and TDS than those found in transitional and upstream waters. The increase of Na + , Cl -, and SO 4 2-in the lake water (Fig. 3) is mainly due to solute accumulation by evaporation, while the depletion of Ca 2+ and HCO 3 -could reflect carbonate mineral precipitation. All saturation indices of calcite, gypsum, and halite increased with proximity to the lake, with the highest values recorded in the lake waters themselves (Fig. 4) , further confirming continuous water loss by evaporation, which caused the increase in concentrations of these minerals.
Evaporation and concentration of waters
A chemical divide is a point within the evolutionary sequence of a brine where precipitation of a mineral depletes the water in certain cations or anions, while further evaporation moves the solution along a distinct pathway (Hardie and Eugster, 1970) , so called the "fractionation by mineral precipitation" (Eugster, 1980) , and most recently the "chemical divide" (Babel and Schreiber, 2014) . The concept assumes that the molar ratio of component ions in precipitated salt must change, unless they are exactly equal to those in the initial (preevaporation) solution (Babel and Schreiber, 2014) . Therefore, the ions with lower concentrations at the onset of evaporitic precipitation will progressively decrease in concentration, while those with initially higher concentrations will increase in solution. The Hardie and Eugster (1970) model is generalized to cover a wide range of starting compositions for the water to be evaporated (Fig. 7) .
With most natural waters, the first mineral to precipitate and cause a chemical divide is calcite (Babel and Schreiber, 2014) . Further evaporation moves the solution along a path (i.e., A or B; Fig. 7 ) that depends on whether the equivalent Ca concentration is higher or lower than the equivalent carbonate alkalinity (Fig. 7) , with the alkalinity usually expressed as HCO 3 - (Eugster, 1980; Hardie and Eugster, 1970) . In the water samples from the Nie`er Co region, those from the head of the recharge water (i.e., T1) had on average 2mCa 2+ < mHCO 3 -. The total mean mHCO 3 -of T1 waters was found to be 19.52 mmol/L, while the total mean of 2mCa 2+ was 3.60 mmol/ L. Gypsum dissolution was insignificant; therefore, the 2mCa 2+ /mHCO 3 -ratio was also less than 1. The calculated mean of 2mCa 2+ for the T2 waters (i.e., further along the flow path) were 3.86 mmol/L, while mHCO 3 -was 5.32 mmol/L. The waters from the Xiangqu and Guozangbu stream outlets, which represent the main recharge source for the lake water, also had mean 2mCa 2+ < mHCO 3 -, with 2mCa 2+ equal to 3.00 and 3.18 mmol/L, respectively, and mHCO 3 -qual to 5.30 and 4.20 mmol/L, respectively. On this basis, the solution should have followed path A (Fig.  7 ) during evaporation; however, this would suggest that the next mineral to precipitate would be sepiolite, which has not been identified in the Nie`er Co deposits (Liu and Zheng, 2010) . Moreover, at some locations with the lake, the water reached saturation with respect to gypsum (Fig.  4) , which suggests that a gypsum divide followed the calcite divide along path B. From T1 to T2 to T3, the ratios of 2mCa 2+ /mHCO 3 -were 0.19, 0.73, and 2.19, respectively, which also supports the hypothesis that the lake water formed following evolution down path B.
Following the precipitation of gypsum, a solution will move along path B-a or path B-b depending on whether the Ca 2+ concentration is higher or lower than the concentration of SO 4 2- (Fig. 7) . The current status of the lake waters is mSO 4 2->> mCa 2+ , with the mean mSO 4 2-/mCa 2+ ratio ª 39.95; therefore, the solution should follow path B-b, where continuous precipitation of gypsum will remove Ca 2+ , but will lead to SO 4 2-build up in lake waters until a final composition Na-Mg-SO 4 -Cl (an important contributor for Mg-B deposits) is reached. This model (Gibbs, 1970) . Hardie and Eugster (1970) . (Zhang et al., 1990) . Regression line of local evapo-concentrated water produced lake water was denoted by EWL.
Fig. 7. Flow diagram for evaporative concentrations in dilute input waters based on the model of
Fig. 8. Stable H and O isotopic compositions of the waters in the Nie`er Co Lake area. Modern worldwide precipitation produces the Global Meteoric Water Line (GMWL); rainfall over the Qinghai-Xizang Plateau to build up the Qinghai-Xizang meteoric water line (LMWL)
was also used by Abdel Wahed et al. (2015) to investigate hydrogeochemical processes at Lake Qarun, Egypt, a closed saline lake located in the Sahara Desert. Their results showed a similar evaporation and concentration path to that of the waters at Nie`er Co Lake.
Hydrogen and oxygen isotope analysis
The Local Meteoric Water Line (LMWL) mainly reflects H and O stable isotope compositions of local precipitation. Usually samples are collected across different seasons; however, the short time and distance of surface runoff and underground circulation in the study region means that changes in H and O stable isotope compositions can be used to represent the isotope characteristic of meteoric water. Craig (1961) used natural meteoric waters from many parts of the world to create a global meteoric water line (GMWL): dD = 8d
18 O + 10, while Zhang et al. (1990) used rainfall over the Qinghai-Xizang Plateau to build up the Qinghai-Xizang meteoric water line (QXWL): dD = 7.4d
18 O + 19.4. In this study, 15 samples (from snow, stream water, ice, and seep water) were suitable for constructing a Nie`er Co meteoric water line (NMWL), which was found to be dD = 8.18d
18 O + 30.27, g = 0.97 (Fig. 8) . The slope of the NMWL was larger those of the QXWL and GMWL. From snow, to hot springs, stream water, ice, seep water, and lake water, dD and d
18 O increased gradually, indicating that isotope values became heavier during recharge, runoff, and discharge (Fig. 8) .
According to their isotope values, the waters were divided into two groups. Group I included the hot springs, stream water, ice, and seep water. In this group, dD and d
18 O values were the least variable and were concentrated close to QXWL and GMWL (Fig. 8) . Stream water, ice, and seep water had higher dD values than snow, indicating that they not only originated from the melting of snow or ice, but that this occurred in a large drainage basin. Group II included the lake water. The lake water clearly show heavier d
18 O (from -8.1‰ to -2.4‰), which obviously show a positive oxygen excursion. Lake water contains recently formed lake surface brines sourced from meteoric water, with dD-d
18 O plotting in the right upper corner of the meteoric water line and their regressed trend line is intersected with meteoric water line, which is con- Table 3 . Concentration factor of B, Li, and K in Nie`er Co waters Fig. 9 . Enrichment factors of (a) B, (b) Li, and (c) K in the waters of the Nie`er Co Lake area.
sistent with brines originating from strongly evapo-concentrated meteoric water. The high elevation, cold and arid climate is consistent with evaporation. Hot springs with sample isotope concentrations close to GMWL or LMWL indicate the deep circulation of meteoric water in a medium-low temperature hydrothermal system might have been affected heavy isotopic composition (Yuce, 2007) ; for example, the hot springs of Changning District, Yunnan (Liu et al., 2015) . In contrast, when stable isotopes differ significantly from GMWL or LMWL a magmatic high-temperature hydrothermal system is implied (Du et al., 2005; Guo, 2012; Kearey and Wei, 1993) . The hot springs of Nie`er Co plotted on NEWL, close to GMWL and QXWL; therefore, the hot springs are of local meteoric origin and belongs to a medium-low temperature hydrothermal system. Furthermore, interaction between water and rocks has had little effect on isotopic compositions.
Enrichment of B
In order to explain the evolution of B, Li, and K in the study area, we used the concentration factor K l (Garrett, 1998) :
where C l and TDS represent the mean concentrations of elements and total dissolved solid, respectively.
From the recharge waters (hot springs), to the runoff waters (stream water, seep water, and ice), and to the discharge waters (lake water), K and Li were gradually enriched (Table 3 ; Fig. 9) . The values of B in the supply and runoff water systems were also gradually enriched, but the concentration factor dropped again in the lake water. During water-rock interaction, B, Li, and K are leached into recharge water and then further enriched following evaporation of recharge and runoff waters. However, no Li-or K-bearing minerals form in the lake because Li and K were not saturated, despite strong evaporation. However, large concentrations of B interacted with metallogenic materials (e.g., Na) to form a saturated sodium mineralization solution; thus, continued evaporation resulted in the precipitation of kurnakovite, pinnoite, and other B-bearing minerals, in turn reducing the B enrichment factor in the lake water.
It is noteworthy that the enrichment factors of B, Li, Garrett (1998) . **Data from Yuce and Yasin (2012) . Dashes (-) denote no data. and K in the seep water were lower than those in the stream water and ice (Fig. 9 ). This is likely because seep water is mainly recharged from precipitation and then filtered through surficial quaternary sediments, but undergoes minimal circulation and water-rock reactions. In contrast, for hot springs the enrichment factor and waterrock interaction with river sediments are significant. Stream water is recharged by both seep water and hot springs; therefore, B, Li, and K in stream water were intermediate, reflecting multiple sources.
Formation of borate deposits B is not a major element in the Earth's crust and waters, averaging just 3-20 mg/L in upper continental crust. However, it is present as a minor component in many rocks and fluids, and so the possibility of concentrated quantities in certain geologic situations remains highs. Being both mobile and volatile, B tends to accumulate in late phase magmatic flows or eruptions. It is also readily leached from other rocks by very hot water (Garrett, 1998; Warren, 2006) . Borate deposits usually form in tectonically active, extensional terrains near subducted plate boundaries, and are associated with calc-alkaline extrusive rocks, tuff, tuffite, limestone, marl, claystone, gypsum, and continental silts and sands (Kistler and Helvaci, 1994; Warren, 2010; Yuce and Yasin, 2012; Zheng, 1997) . The B contents of the Qinghai-Xizang (Tibet) Plateau's acidic magmatic rocks are also high (mean: 24-39 mg/g; maximum: 621 mg/g; Garrett, 1998). Boratebearing lakes in southwestern Qinghai-Xizang (Tibet) Plateau are fed by thermal hot springs near rift zones of the Gangdisi-Nianqingtanggula and Himalayan Mountains, with many enriched in B (mean: 26 mg/L; maximum: 471 mg/L). Furthermore, their discharge mantles usually contain borates, and many flow into closed basins. Helvaci, 1995; Warren, 2010; Liu and Zheng, 2010) .
The Xiangqu stream, which represents the main recharge source of the lake water, primarily flows through Neogene volcanic rocks. While the B concentrations of these volcanic rocks have not been determined, they are likely the main source of both the Mg and B found in the Nie`er Co deposits. Compared with other borate deposits of the Qinghai-Tibet Plateau and elsewhere (Table 4) , the enrichment factor of B in the hot springs, seep water, stream water, and lake water of Nie`er Co are not high; however, B still saw sustained enrichment during recharge and runoff processes.
SUMMARY AND CONCLUSIONS
In this study, we investigated the hydrogeochemical evolution of various water types in the Nie`er Co Lake area of the Qinghai-Xizang (Tibet) Plateau, including recharge water sources that flow through surrounding rocks towards the lake. The main findings of this study were as follows:
1. Ion concentrations and TDS were shown to be in the order: lake water ≥ stream water > seep water > ice. Waters were classified into three types: T1 (hot springs), T2 (seep water, stream water, and ice), and T3 (lake water). With the exception of some T2 waters, all samples were saturated with respect to calcite. Half of the T3 waters and all of the T1 and T2 waters were undersaturated with respect to gypsum, while all of the waters were undersaturated with respect to halite. In summary, the Nie`er Co waters evolved from a Na-HCO 3 water type (T1) at the input to the water system to a Ca-Mg-SO 4 /Cl water type in the lake (T3), passing through a transitional Ca-Mg-HCO 3 water type (T2) stage in-between.
2. Dissolution of carbonate minerals likely contributes to the solute budget of T1 and T2 waters. Under the prevailing arid conditions, evaporation has caused an increase in the concentration of elements (i.e., Na, Mg, Cl, and SO 4 ) in the lake water. In contrast, Ca and HCO 3 have been depleted through CaCO 3 precipitation. The evolution of the waters investigated was consistent with path B-b of the Hardie and Eugster (1970) model.
3. The Nie`er Co meteoric water line (NMWL) was found to be dD = 8.18d
18 O + 30.27, g = 0.97. Stable isotope geochemistry showed that stream water, ice, and seep water originated from the melting of snow or ice in a large drainage basin. Lake water values were consistent with strong evaporation, and hot springs were classified as medium-low temperature type.
4. During transportation, runoff and discharge waters become gradually enriched in K and Li. The same is true for B; however, because B forms a saturated sodium mineralization solution and then borate mineral deposits in the lake, its enrichment factor is lower in the lake water.
5. In the view of hydrogeochemistry and stable isotopes (dD and d 18 O) of the waters, we preliminary concluded that the formation of the Nie`er Co borate deposit followed three steps: (1) Meteoric water was filtered through B-rich volcanic strata before forming hot springs; (2) hot springs introduced B-bearing and other minerals into lake recharge waters (e.g., streams and runoff); (3) the lake water became concentrated through evaporation, driven by the arid and cold climate, allowing for the formation of a Na-, B-, and Mg-rich saturate mineralization solution. Kurnakovite and other borate minerals precipitated in the lake, allowing for the formation of a Mg-rich borate deposit (Fig. 10) .
